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ABSTRACT 
When dimethyl sulfoxide, ethyl bromide, and 5 mole- 
percent of ferric'chloride are heated together, a yellow 
precipitate is formed. The product partially decomposes 
at 172•, with evolution of gas. It is very soluble in 
water, but only slightly soluble in methanol. It contains 
7.18% by weight of iron (III), suggesting a compound of 
high molecular weight or a mixture. 
~t appears that a Friedel-Crafts alkylation of DMSO 
has taken place, perhaps giving an ethyldimethyloxosulfon- 
ium salt, however, the IR and NMR spectra do not substantiate 
this. 
The absence of alkoxydimethylsulfonium salts in the 
above reaction mixture has been demonstrated. 
An attempt to prepare ethyldimethyloxosulfonium iodide 
by reacting ethyl methyl sulfoxide with methyl iodide gave 
no precipitate. Addition of ferric chloride to this reaction 
mixture followed by heating gave a crystalline solid which 
showed only a singlet in the NMR. 
v 
INTRODUCTION 
Dimethy} sulfoxide (DMSO) has been found to react with 
methyl iodide and several alkyl arenesulfona.tes to give two 
different types of 1:1 adducts. Alkoxydimethylsulfonium 
compounds, (CH3)2S-OR x-, are readily obtained by reaction 
of DMSO with several arenesulfonates (1), with methyl iodide 
and silver fluoroborate (2), and with triethyloxonium fluoro- 
borate (3). These compounds are unstable, and hydrolyze 
rapidly, giving one equivalent of acid (1). 
In contrast, alkyl and aryldimethyloxosulfonium com- 
pounds, R(CH3)2Sc0 x-, are more stable, and are not readily 
hydrolyzed. This type of compound has been prepared from 
benzyl toluenesulfonate and DMSO after long reaction times 
(1), and the phenyl compound has been isolated in 2% yield 
from phenyldiazonium fluoroborate and DMSO in bromobenzene 
(4). Trimethyloxosulfonium iodide is.readily prepared in 
good yield from DMSO and methyl iodide (5,6), the S-alkyl 
adduct being produced exclusively. Major and Hess (7) found 
that other simple alkyl halides did not react with DHSO un- 
der conditions similar to those observed in the reaction 
with methyl iodide. 
Trimethyloxosulfonium iodide is of interest for several 
reasons. It was shown to have some pharmacological activ- . 
2 
ity (?),and it deprotonates on treatment with sodium hy- 
dride to giv~ the synthetically useful ylide, (cH3)2~ocH;, 
which inserts methylene a~ross certain unsaturated linkages 
(6,8). 
Of pr Lme interest is t.lie acidity o f the S··rnethyl pro- 
tonsr The protons of trimethylst:.lfonium iodide are acidic 
enough tc exchange with deuterium:(9): 
. D2o, OD- 
( cH3 >3s r" ---- " ;,. 
Th~ acidity is primarily due to the stabilization of the 
caz-ban i.on by electron de Loca Li.z a t.Lcn to the positively- 
charged sut.rur : 
~ e l "'"lo / / --C-S ~-C=S f g,)\ I ' I.. 
The addition of an electron-withdrawing oxygen to give the 
oxosulfonium compound accelerates the rate of deutertt:.m ax- 
change by several powers of ten (1). 
Cotton) at al. (10) prepared fully deuterated trimethyl- 
oxosulfonium iodide by exchange with hot deuterium oxide in 
the presence of potassium carbonate, then thermally decomposed 
it to give CD3I and (CD3)2so in 99% L:>otcpic purity. Th:i.& is 
an i!lexpensive and convenient way to prepare these usaful 
deuterated compounds. 
If ethyldimethyloxosulfonium iodide could be prepared, 
exchanged with deuter.ium, and thermally decomposed, L t might 
provide good yields of ( 1, 1-D.) )-ethyl iodide. This wou Ld be 
t:.. . 
usefu.l for structural determinations by NMR srectrometry, 
3 
where incorporation of a (1,1-D2)-ethyl group in a molecule 
could aid in shift assignments and simplify the spectrum. 
llowever, another potential mode of thermal decomposition is 
the production of ethylene, as in the pyrolysis of the 
analogous amine oxide: 
~ 
(f, /o-· tl. 
(CH3)2N, ) 
CH2cH3 
One purpose of this study was to attempt to synthesize an 
ethyldimethyloxosulfonium salt and determine its mode of 
pyrolysis. 
These syntheses are difficult, possibly because nucleo- 
philic attack on the a-carbon of halides other than CH3I 
is sterically hindered by the alkyl substituent·(r). The 
0 
II :s ' -, -, 
CH CH3 
3 
R • ,.. \ & 0 
C·········T········AlCl ..  3 
·RH 
(I) (II) 
presence of a Friedel-Crafts type Lewis acid catalyst might 
lengthen and weaken the C-I bond, lowering the energy re- 
quirement for nucleophilic attack by sulfut.(II). There- 
fore the principal aim of this study was to determine the 
effect of ferric chloride as a Lewis acid catalyst on the 
alkylation of a sulfoxide, and to examine the feasibility 
of running a Friedel.-Crafts reaction in DMSO. 
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EXPERIMENTAL 
Melting points and boiling points are uncorrected. 
Temperatures are in degrees Centigrade~ NMR spectra were 
recorded on a Varian Associai,es A-60 NMR Spectrometer, and 
were referenced to t.e t.r-ame t.hy Lat.Lane , Infrared ape c tz-a were 
run on a PGrkin-Elmer Model 257 IR Spectrometer • 
. I.._Pre.P,.aration cf 'l':.:-imetl:!xl.oxosulfonium Iodide 
FolJ..cwing the procedure of CorE.::y and Chaykovsky (6), 
20.0 ml (0.28 mole) DMSO (MC&B Reagent) and 60 ml (1.C mo1e) 
methyl iodide (J.T.Ba.ker) were combined :Ln a 3-necked 
500-ml fla3k 8quipped withe:. nitrogen inlet1 o mechanical 
stirrer, and a condenser vented to the atmosphere through a 
tube immersed in an oil bath. A trap war:; placed between the 
condenser and the oil bath to prevent oil from being sucked 
into the reaction vessel. The apparatus was flushed witl1 
nitroge~, then during the reaction a slow passage of nitro- 
gen was maintained (about 6 bubbles/min through the oil 
bath). 'I1l:.e reaction m.xt ur e was r-e r Luxe d gently for 72 hrs, 
during whjch time a yellow solid precipitated. The solid 
was collected by suctio~ filtration a~d w&ahed with two 
10-ml portions of chlorofo~m, which remo7ed the yellow 
co Lor, The produc t was dried by sue t i on and weighed. 
Crude yield 5,77 g (9~3%)~ 
RecryB t.a Ll.Lza t Lcn from me t nano L gc.ve fine white nee- 
5 
. . 
dles, which were dried in vacuo 20 hrs at 51°; mp 171-172• 
dee; NJVlR (S, ppm, DMSO-d6): 3.96(singlet); IR (identica.1 to 
that found by Kuhn and Trischniann ( 5); cm - l , 2% in IC~r) : 
3430(w), 2960(s), 2875(m), 1625(w), 1410,1400(m), 1338,1310 
(w), l226,1036,950(s), 758(m) • 
. II., Prn.?..ra t,ion of Dimethylethoxysulfonium F.J,_uoroborate 
A,_Triethyloxonium Fluoroborate (I) (11) 
The following apparatus was dried in a 13o•oven, 
assembled hot, and cooled in a stream of dry air: a 500-ml 
3-necked flask, 60-ml dropping funnel, mechanical stirrer, 
and a condenser. A calcium chloride drying tube was added 
to the top of the condenser. Freshly distilled BF3-ethyl 
ether (Eas tman , 63 ml, O, 50 mole) was introduced via the 
dropping funnel. 'I'he last traces were washed in with 125 ml 
(2 moles) anhydrous ether (stored over molecular sieve). 
Distilled epichlorohydrin (MC&B, 30 ml, 0.38 mole) was 
placed in the dropping funnel and added dropwise over al hr 
:period w.i th stirring. The reaction mixture was re fluxed an 
additional hour, cooled, and allowed to stand overnight. 
The dropping funnel was replaced with a filter stick, and 
the mother liquor was drawn off1 admitting air through the 
·calcium chloride drying tube to prevent moisture from enter- 
ing the flask. The white crystalline product was wa shed with 
three 100-ml portions of anhydrous ether, transferr·ed to a 







and dried by suction. Yield 54.2 g (75.1%); mp 93.o-94.5•dec 
(lit (11) mp 91-92°dec); NMR (£, ppm, DMSO-d6): 4.35(q), 
3.40(q), 1.20(quintuplet), ratio 3:3:9. 
B, Reaction Between I and DMSO 
A solution of 19.03 g (0.10 mole) of freshly prepared I 
in 40 ml of methylene chloride was placed in a 250-ml round- 
bottom flask. A 7.2-ml aliquot (0.101 mole) of DMSO was added 
with stirring, the exothermic reaction boiling off some ether. 
Stirring was continued for 1 hr at 25•, after which the sol- 
vents were stripped off in vacuo at 25°, giving 17-8 g of 
white crystalline hygroscopic product (II)(92% yield); mp 
34-39°(lit (3) 39-42•). IR (cm-1, 1% in KBr): 3420(m, broad), 
l920,£2.1.2,~(m), 1620(w, broad), .ll!Z.Q,ll±.Q.2(m), 1300,1295(m), 
1110-1025(s, broad), .2.2.Q(m), 770(w). (Underlined peaks are 
not present in IR spectrum of KBF4). 
NMR (6, ppm, DMSO-d6): 4.34(q), 3.27(s), 1.38(t); ratio 2:6:3. 
Lit (3) (CD3CN): 4.37(q), 3.23(s), 1.38(t); ratio 2:6:3. 
]. Assay of II by Neutralization Eguivalcnt (12) 
II (395.0 mg) was dissolved in 5 ml of distilled water 
and 1 drop of phenolphthalein was added. 'Ph.i.a was titrated 
against 0.100 B sodium hydroxide, consuming 21.1 ml. 
2.11 meq NaOH~2.11 meq (CH3)2s-oc2H5 BF4 
2. 11 meq x 194. 02 mg/meq a 409.3 mg· ( CH3 )2s-oc2n5 BF4 . 
Assay= Li.09· 3 mg x 100% 111 103. 6%. 
)95.0 mg 
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JII, Preparattgn of Ethyldimethylsulfonium Iodide 
Ethyl methyl sulfide (J,T,Baker, 9,05 ml, 0.10 mole) 
and methyl iodide (6.3 ml, 0.10 mole) were mixed in a 
stoppered Erlenmeyer flask. After 30 minutes at 25•, the 
initially cloudy reaction mixture began to precipitate a 
yellow oil which slowly crystallized on standing. After 
22 hrs, the flask contained a solid cake of yellow-orange 
material. This was broken up and dissolved with 25 ml of hot 
absolute ethanol. The hot solution was decanted into another 
flask, cooled slowly, and kept at -4• for 1 hr, yielding 
a large amount of white precipitate. Chilled ether (30 ml) 
was added, the mixture stirred, and the precipitate collected 
by suction filtration in a Buchner funnel equipped with the 
drying device shown on p.6. The product was washed with 
three 10-ml portions of chilled ether and dried by suction. 
Crude yield 19.96 g (91.5%). Recrystallization of 5 g from 
ethanol-ether gave dense white crystals; mp 107-124'dec (lit 
(13) mp 108.dec); IR (cm-1, 1% in KBr): 3460(m, broad), 2995, 
2975,2945,29oo(m), 1635(m, broad), 1460(m), 1432(s), 1426, 
1412, 1408, 1390, 1330, 1295(m), 1278(s), 1250, 1080(m), 1044(s), 
978(s), 954,920,780(m), 725,690(w). 
NMR (S, ppm, DMSO-ct6): 3,47(q), 3.01(s), 1.36(t); 2:6:3. 
Treatment of an aqueous solution of the product with 
sodium periodate generated considerable r2, indicating the 
presence of iodide in the product. 
9 
.J,.V, Preparation of E~hyl Methyl Sulf9xi~ 
A solution of ethyl methyl sulfide (18.-1 ml, 0.20 mole) 
in 20 ol acetone was placed in a 250-ml roun.dbottom flask: 
and chilled to 0-1 o• in an ice bath. Whil~ stirring, 22 ml 
(0.215 mole) of 30% aqueous H2o2 was added dropwise over a 1- 
hr per-Lod , A cloudy solution was obtained. wh:tch was clarified 
by addition of 20 m.l, acetone o A ama L l amount of. Pd/G w<.is 
added to de at roy excess H2o2• T'.ue solvent wa.B stripped off 
with a rotary evaporator (in hood) un.-c.il the reaction mixture 
had no odor of sulfide (final volume 23 ml)., To remove Vlater, 
50 ml of acetone was added and stripped off in vacuo at 25• 
(acetone and water form an azectro:pe containing 11% water 
boiling at 56.1•/760 mm). A bee.d of indicator molecular 
sieve which was add.ed to the resi.O.ue pt'OtiptJ.y decolorized~ 
Another 50 rnl of acetone ,.·as c.dded and 1-;t:-i:oped off .. An Ln-: 
dicator molecular sieve was "':ery 81owlJ' dec:olor:'.!s,ed by the 
13.5 ml of yellow r-e s i.due , The resj_oue was fjl.i:.e1·ed to remove 
Pd/C, then distilled ~.t 8 mm Hg, bp 69-?1 t- .. 1fhe 10 .. 0 ral, of 
watar-white distillate (57o1% yield) waE dry tu a molecular 
NHR (S. ppl.i~ CDG17.): 2:,'?.)(q_)~ 2.56(s)~ L33(t); ~ _,..... / 
ratio (q+s):t ~ 5:3~ 
IR (very sir.;.ilcu· +~o trw.t of DHSO, 
..., 1 
cm s capillary film, 
NaCl): 1020~ 1o;j4(s)'; 34Li0~.2970,293o:tt::~no,2875:; 1660, 145?; 
1420¥ 1375s 1301,972,91+0,7?5(m); 33·65~ i255(w). The auLf orie 
region { 1 HJO·-"LYJO c~i-1) is ~BlativeJ.~1 c Lea n, 
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V, Reaction of E~h..J:l Methyl Sulfoxide with Methyl Iodide 
A, Without Catalyst 
Ethyl methyl sulfoxide and methyl iodide (0,5 ml each) 
were placed in a capped vial and allowed to stand for several 
days at 25•. The initially water-white mixture darkened on 
standing, but no precipitate was observed. 
Ethyl methyl sulfoxide (1.0 ml) and m~thyl iodide 
(3.0 ml) were combined in a 25-ml roundbottom flask.. equi.pped 
with a 6" condenser. A boiling chip was added and the mixtur& 
was refluxed for 1 hr at about 42•. No precipitate was 
observed, even on standing in a stoppered flask for 28 days. 
,!h_):n Pr~sence of Ferric Chloride 
Ethyl methyl sulfoxide (5.00 ml) was pipetted into a 
100--ml round bottom flask and weighed by difference (5. 26'/ g~ 
Oe0572 mole). Five mole-% of anhydrous ferric chloride 
(J,T.Baker, 2.86 millimoles, 471 mg) was added and dissolvad 
<, 
completely in the sulfoxide. Methyl iodide (10.0 mlt 0.16_ 
mole) was added. No heat was evolved on miY..ing, .and all the 
fer-ric chloride remained in solution .. ·The flask was equippad 
with a condenser and a boiling chip was added .. The mixture 
was refluxed for 7,5 hrs (42•) and cooled. After standing 
for several days, a very small amount of soli.d precipitated. 
In an attempt t~ increase the yield of product, the 
r-eac t Lcn mixture was transferred to a heavy·-·walled glass 
1 i 
Carius tube. The tube was sealed, placed in a heating block, 
and shaken for 8 hrs at 90•. Even after standing for 5 weeks> 
no solids were visible in the sealed tube. The tube was 
opened and the dark brown liquid was filtered by suction, 
yielding a purple crystalline solid. Half the solid was 
stored, and the other half was placed. in a glass-stoppered 
centrifuge tube and shaken with four 5·-ml portions of ac e-« 
tone~ leaving a light tan crystalline product which was 
collected and dried by suction. Yield 452 mge The NMR (Gs 
ppm, DMSO-d6) showed one singlet·at~3.00; mp 215-218° (subu 
limes). On strong heating in a test tube, purple I2 vapor 
was evolved. 
IR (cm-1, 1% in KBr): 344o(w), 2980(s), 2900,2810,246oj233or 
1937(w), 1660{m), 1428,1417(s), 1362,1330(m), 1300p1170(~), 
1069,1039(s), 944,935,892,720,640(m). 
VI1 _Reac.tion of DMSO and Methyl Iodide in Presence of .r~c13 
DMSO (14.2 ml, 0.20 mole) was placed in a, 250-ml round~ 
bottom flask. Anhydrous ferric chloride (10 millimoles, 
1a626 g, 5 mole-% relative to DMSO) was added to the flask, 
·and 10 ml of methyl iodide was added .. Immediate evolution 
of heat took----Piace, boiling the methyl iodide and gi v-ing a 
reddish-brown pastea Another 20 ml of methyl iodide was 
added (total 30 ml, 9.48 mole), and the reaction mixture 
was allowed to stand in a stoppered flask overnight. A 6" 
ccndenser, heating mantle, and a boiling chip were added~ 
12 
and the reaction mixture was refluxed gently for 6 hrs. The 
flask was cooled too• and the solid product was collected 
in a Buchner funnel, wa.shed with chloroform, and dried by 
sucticn, yielding 9.73 g of orange powder (Product I). 
J, Analysis of Iron (III) in Product I 
A sample estimated to contain about 50 mg of iron was 
accurately weighed into a 250-nLl glass-stoppered flask. A 
solution of 2 g potassium iodid.e (Baker Reagent) in 100 ml 
distilled water was added, followed by 5 ml 6 N HCl. The 
flask was allowed to stand in the dark for 15 minutes, then 
10 drops of saturated starch solution were added, Titration 
of r2 with 0~100 N sodium thiosulfate to starch endpoint 
F 
+} 
consumed 15,32 ml• i.532 meq of e. 
1.532 meq x 55.85 mg Fe/meq = 85.26 mg Fe in sample 
8~.26 mg Fe 100% s 5 15% F . p d t I 1566.3 mg sample X 0 '+ e in ro UC 
.162,..?_Jll.K ~ec1_, ~~ 5 45% ic 15 3aL 55. 85 mg Fe .... • 0 <, • /o 
9,73 g x 0,1580 = 1,540 g Fec13 in Product I 
(1,626 g used in prep.). 
2, Acid Eguivalent in Prgduct I 
A 998.1 rug portion of Product I was weighed into a 100- 
ml beaker, to which was added 40 ml of di.stilled water and 
5 drops of phenolphthalein. The solution was immediately 
ti.tra.ted with O, 100 B sod ium hydr-ox.Lde , pr oduc i.ng a brown 
prec l.pf, t.a t e of hydrated Lron oxide and ccri sund.ng 29 .. 10 ml of 
13 
sodium hydroxide; the theoretical amount based on 15.8% 
ferric chloride is 29.13 ml. Thus it appears that ferric 
chloride accounts for the total acid equivalency of 
Product I. 
3, Gas Chromatographic Examination of Above Solution 
The total volume of the above solution (including 
precipitate) after titration was found to be 63 ml, The 
supernatant liquid was assayed for methanol and DMSO by 
GLC as follows: An aqueous standard wa.s prepared contain- 
ing methanol (1.6 mg/ml) and DMSO (8.8 mg/ml), and exactly 
5.0 )Al was injected into a Varian Model 1400 GC ccnt.a Ln.i.ng 
a 6-foot glass column packed with Porapak Q-S (Waters Asso- 
ciates). The column temperature was then pr ogr-ammed fz·om 
100• -to 250• at 8•/minute. Other conditions: carrier gas 
(nitrogen)- 40 ml/min, injection port temperature- 185~, 
FI detector temperature- 275•, areas by disc integrator. 
Ret ent Lon times: methanol 2. 7 min; DMSO 20. 8 ,mi.n .. A 5. 0 yl 
aliquot of the titrated solution was injected and compared 
with the standard. 
a, Methanol 
No methanol was detected in the sample~ 'l'he estimated 
limit of sensitivity isl mg methanol/63 ml sample (1/100 
of standard concentration). The above sample, if it were 
(CH3)2s-ocH3 I-, would yield 122 mg methanol on hydrolysis. 
A large isopropanol peak was observed in the sample due to 
the phenolphthalein indicator solution used above, 
14 
p, D¥iliQ 
The DMSO content of the titrated solut:f.:on was estimated 
as follows: 
DMSO= 1020 area units (samnlfil 8.8 mg x 63 ml= 1060 area u~its (std) x ml std 534 cg 
534 mg DMSO % 99b mg Product Ix lOO% ~ 53.5o D~....so. 
An aqueous solution of authentic (CB:3).3so I- injected under 
these conditions also gave a large DMSO peak~ Even at lower 
temperatures (Carbowaz 20M, IP and coluLlll 130•), (CH3)3so I~ 
decomposed to give DMSO; however, the peak shapes and quan+ 
titation were irreproducible. 
lJ:__. Removal of Iron a.nd Analysis of Product I 
The water solubility of (CH3)3so I,., is about l'r2 mg/ml 
(dissolves slowly). A concentrated solution was made basic 
with sodium hydroxide and no precipitate ·forned. At this pH, 
any Fe+' would be pr-ec Lpf, ta t.ed , and could be removed by 
centrifugation or filtratio~. 
A 3.007 g portion of Product I was mized with 75 ml of 
hot distilled water, and 10% sodium hydrcxide solution was 
added until just basic. This was sufficient to precipitate 
nll the iron • ..--The solution was filtered .untj_l clear, neutral- 
ized with 6 N HCl, then taken to dryness with a rotary evap- 
or-at.or , leaving 1.485 g of dry dark-green solid. 'J.'his 7ias 
'boiled with methanol, leaving a sr~a11 amoun c of v;hite solid 
behind, which showed one singlet Ln the :RM.B .a t 8 3..,95 ((c~3)3~ 
i5 
SO I-)~ The cethanoJ.. extra-:t was taken to d!"yness, and the 
z-e aLdue was bo i Lcd with ethyl ace ta t e , On cooling the ethyl 
acetate ext=act, a white solid precipitated. This showed 
one singlet in the NMR at cf2. 57 ( DMSO). An aqueous so Lu tion 
of the precipi'tate liberated I2 on treatment wi:;h sodium 
periodate. The melt showed a strong yellow-orange flame test, 
which might ::.ndic&.te the presence of sodium. Sodium iodide 
is solubJ.e .:i.n methanol and acetone (100 mg/ml), and is 
slightly sol~ble in boiling ethyl acetate~ 
Product I (1.355 g) was tr·eated with base as above, 
the precipitate centrifuged.down; and most of th~ clear 
supernatant neut.r-a Lf.zed and ta.ken to dryne sa , giving 872 mg 
of darkr·•,f;l"Ge:"l so If.d , A 300 mg portion was shaken with three 
5-ml porticn.s of methylene chloride, a.nd the pooled extracts 
W8re t&ken to dryness, leaving 70 mg of brown residue. The 
y<.::llow-white solid (126 mg) left behind from the extraction 
'aee collected. s nd dried by suction (Product I-a). 
KHR (&, ppm,. DMSO-d6) showed singlets at 4.00- ((.CH3)3so I~), 
3. !+2(H-.O?), and 2. 60(DMSO); ratio 34: 54: 12. 
c: 
II? (cm~i, i% Ln KBr) compares closely with t.hat of (CH3)3so I- 
( see ·ra o:.L.e L' and F:'~gure I). ---- 
VT._L_R~~_ptj...QJL.Q..L DM.SO and Methyl Iodide Without FeC~ 
Thls wo.s run for compaz-Lson with the preparation of 
Product L DH.SO ( 14.2 ml, o. 20 mole) and methyl iodide (30 
ml5 0448 wale) were mixed j_n a 250-ml rou~dbottom flask. 
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The water-white mixture slowly yellowed on standing overnight 
in the stoppered flask. On refluxing, a white solid precip- 
itated from the solution. The reaction mixture was refluxed 
gently for 6 hrs as before, cooled too•, and the solid was 
collected, washed with chloroform, and dried by suction, 
yielding 2.72 g (6.2% yield) of product. 
VIII, React:i_pn of DMSO and M.n;t.l Iggide 
DMSO (50 ml, 0.7 mole) and ethyl iodide (J,T,Baker, 100 
ml, 1.,2 moles) were mixed in a 500-ml roundbottom flask and 
t·efluxed for 22 hrs at about 72•. The reaction mixture dark- 
ened, but no precipitate formed. 
A, DMSO and ethyl bromide (J.TcBaker) (7.5 ml each) were 
mixed in a 100-ml roundbottom flask equipped with a 6!' con= 
denser and refluxed fer 30 minutes. No change was noted on 
standing. About 5 mg anhydrous ferric chloride was added 
and dissol7ed. The mixture was refluxed for 75 minutes, and 
on cooling a very light dusting.of yellow powder was ob- 
. served in the bottom of the flask. 
B. Ethyl tromide (7.5 ml) and 3 g anhydrous ferric chloride 
were mixed in & 100-ml roundi3ottom flask and refluxed as 
above f9r 30 ntlnutE:s, but no :precipitate formed~ Sowa (14) 
heated DMSO and ferric ch Lor-Lde tcg•:sther for 30 minutes, and 
got no precipitate~ 
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.. c. Anhydrous ferric chloride (161 mg, 1 millimole) was 
dissolved in 7.5 ml (0.10 mole) ethyl bromide in a 100-ml 
roundbottom flask. DMSO (7.5 ml, 0.106 mole) was added, and 
the mixture was refluxed for 30 minutes as above , A yellow 
precipitate formed. This was collected, washed once with 
ethyl acetate, and dried by suction, giving 573 mg (164% of 
theoretical yield of c2n5(cH3)2so(FeC13Br]- based on Fec13). 
D. The above axperiment was repeated with 5 millimoles 
(823 mg) ferric chloride, 7.5 Lll (0.10 mole) ethyl br-omt.de , 
and 8.3 ml (0.117 mole) DMSO. This time, the yellow precip- 
itate formed on addition of the DMSO. The m.ixture was refluxed 
30 minutes, cooledt and the precipitate collected as before, 
yialdi~g 3 .. 00 g (1?2% theoretical yield. of c2H5(cH3)2so- 
[F~c13Br]- based on Fec13; 16.0% yield as c2H5(cH3)2so Br-· 
based on ethyl iodide). 











Yield~mgJ Relative Yield Bx.fil...t_ 
0 0 A 
573 1 c 
3000 5.2 D 
.... --slight excess 
E. Ferric chloride (25 millimoles, 4050 mg~ 5 mole-% 
r-e Lat.Lve to DMSO) wa.s weighed i.rito a 250-ml roundbottom 
fl~.sk and W8.shed in with 4G ;;il (0 .. 55 mole) of ethyl bromide. 
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DMSO (35.5 ml, 0.50 mole) was ~dded, giving a yellow-crown 
precipitate. A 6" condenser> a heating mantle, and a boil- 
ing chip were added, and the reaction mixture was xefluxed 
for 2.5 hrs. The yellow precipitate was collected and dried 
by suction filtration, yielciing 18~26 g (Product II). 
J" Anal_ysi.s of IrouIII2 . i.n Produc:L II 
A 1072.5 mg sample of Product II was weighed into a 
250-ml flask and treated with 2 g potassium iodide in 100 
ml of distilled water and 5 ml 6 E HCl as above_ The flask 
was all0wed to stand in the dark for 15 minutes, 10 drops 
starch solution was added, and the I2 was titrated to starch 
endpoint with 0.100 B sodium thiosulfate, consuming 13.80 ml. 
1~380 meq Fe x 55.85 mg/meq = 77.0 mg iron in sample 
.. 77,.0 mg_;.ron x 100% = 7. 18% iron in Product II 
· 1072. 5 zng sample 
162 .. 2 mg FeCJ...z • ? lQ.% =i 20 B% 4' Cl 5.?· 85 mg Fe ./ x · "' v 0 • .. 6 3 
18 .. 26 g x 0.,208 = 3. 8 l g :F'ec13 in Product II 
(4.05 g used in prep.) 
A 997~3 mg portion of Product II was dissolved in 40 ral 
dtstilled water, and 5 drops of phenolphthalein was added. 
The solution was titrated with 0.100 B sodium hydroxide as 
e.bov0, consuming 38.18 ml; the theoretical amount, based on 
20.,8% ferric chloride, is 38.3 ml.. Thus it appears that 
ferric chlorid9 accounts for the total ocid equivalency cf 
ProJuct II. 
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..2, ,pas Chromatographic Examination of Above Solution 
The total volume of the above titrated solution (in- 
cluding precipitate) was found to be 67 ml,. The supernatant 
liquid was assayed for ethanol and DMSO by GLC, using the 
conditions described earlier. 
No ethanol was detected in the sa!Ilple. The estimated 
limit of sensitivity is 1 mg ethanol/6? ml sample (1/100 
of standard concentration). If Product II were all (CH3)2~- 
oc2H5 Br-, the above sample would yield 21+6 mg ethanol on 
hydrolysis. No methanol was detected. The i..sopropanol peak 
from the indicator solution was observed. 
The DMSO content was estimated as follows: 
DMSO= J 205 area uni ts ( samnle 2 x .8, .. 8 mi;, x 6? ml = 1060 area units (std) ~ml std - ' 670 mg 
~70 mg DMSO % 997 mg Product II x ·100% = 67.100 uMSO. 
lJ:. Removal of Iron and AnalY.sis of Product_ll 
Ferric chloride is very soluble in ethe:r.; 40 mg was 
dissolved in 5 ml ether to gi~e a brown solution. Product 
II (200 mg) was placed in a centrifuge tube and shaken with 
two 7-m.l portions of ether. The ether extracts were color- 
less, and Product II retained its mustard-yelloi.'l color • 
.A 3.086 g portion of Product II was dissolved in 100 ml 
distilled water and made ba.sic with just enough sodf.um hydroxide 
solu.tion to precipitate all the iron and make the solution 
basic t.o pll paper. The solution wa.s filtered until c Lear , 
neutralized. with 6 Ji HCl, then taken to dryness wi4:li a rotary 
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ev.aporator, leaving 2.730 g of white solid. This was dried 
in a vacuum desiccator over P2o5 for 2 days, giving 2.036 g 
of hygroscopic white product. This was extracted with two 
10-ml portions of boiling methylene chloride. The residue 
was insoluble in acetone, but dissolved in ethanol except 
for a small amount of white solid. The brown methylene 
chloride extract was decanted into a filter flask and cooled. 
An oil began to precipitate, so acetone was slowly added 
until the oil dissolved. The flask was cooled in an ice 
bath, and the solvent concentrated down in a stream of dry 
air, giving a small amount of oily precipitate. Chilled 
ether was added dropwise to precipitate the remaining mater- 
ial. The oil was neutral to wet pH paper, suggesting that 
it was not an ethoxydimethylsulfonium compound. 
Product II (2.867 g) was dissolved in 20 ml of distilled 
water, iron was precipitated with sodium hydroxide as above, 
and the precipitate was removed by centrifuging. This was 
much neater than filtering the gelatinous precipitate. The 
neutralized supernatant was taken to dryness in a rotary 
evaporator, giving 1.259 g of slightly tacky off-white solid. 
The NMR (6, ppm, DMSO-d6) showed two singlets at 3.60(H20?) 
and 2.58 (DMSO) in a 1:10 ratio. 
?2 
R8SULTS AND DISCUSSION 
DMSO does not react directly wlth nthyl bromlde or ethyl 
iodide, perhaps for the reason cited in the Introduction. 
Sown ( 11+) studied the effects of several Fr-Le de l+Cr-af t a cllt~- 
lysts on the reaction of DMSO with ethyl bromide, and found 
that aluminum chloride reacted vigorously with DMSO in the 
absence of alkyl halide. Seeking milder conditions, he tried 
reacting ethyl bromide and DMSO with bismuth trichloride end 
stannic chloride. In both cases, no re8ction waA observed 
to take place. However, on heating DMSO with ethyl bromide 
and ferric chloride, he got a yellow precipitate. 
deals in part with the nature of that precipitate. 
It was found that in the absence of any one of the three 
This study 
reactants, DMSO, ethyl bromide, or ferric chl6ride,,the yel- 
low precipitate does not form. It appeared, at this point, 
that the ethyl group had at least p~rtially ionized and beert. 
att9cked by DMSO. 
The yield of precipitate appe8ra to be proportional t? 
the amount of ferric chloride used (Table II, p. 18). 'l'hA 
yollow aolid (Product II, p.19) ie vory soluble in wntor 
(1 g/ml) nnd much loss soluble in methRnol or 1Jcetone (hoth 
about 0.01 g/ml). It turns orange on heating in B capill~ry 
tube, melts at 131-138• •and partially decomposes with evo- 
' . lution of gas at about 172. 
Product lI wae found to contsin 7.18% by weight of 
iron (III), which accounts for at least 95% of the iron 
introduced into the reaction mixture as ferric chloride. 
To determine whether the iron in Product II is present as 
free ferric chloride, the product was shaken with ether, 
giving a colorless extract. Apparently, any ferric chloride 
present is tied up chemically, perhaps as the ether-insol- 
uble anion (FeC13Br)-. The theoretical iron content of 
C2H5(cH3)2S•O(FeC13Br]- is 15.99%, and Product II contains 
only 7.18% iron. Thus the maximum content of c2H5(cH3)2S•O 
(FeC13Br)- in Product II is 45%. 
If Product II contains any c2H5(cH3)2s~o or (cH3)2soc2H5, 
their presence might be evident in the IR spectrum (Figure 
III). Authentic ethoxydimethylsulfonium fluoroborate was 
synthesized and its IR spectrum recorded. Of the bands pres- 
ent other than those due to the fluoroborate anion, none 
were observed in the spectrum of Product II. (CH3)3S=O I- 
was synthesized and its IR spectrum recorded. The IR spectrum 
of (CH3)3S•O I- has been studied in detail and band assign- 
ments made (15). The IR spectrum of ethyldimethyloxosulfonium 
ion should be very similar, at least in the position of the 
S-0 stretching absorption, which for (CH3)3suo I- appeared 
at 1225 cm-1• Very little similarity was found between the 
spectra of (CH3)3s=o I- and Product II. The strongest band 
in the IR spectrum of Product II occurred at 932 cm-1• This 
is close to the strong s-o stretching bands reported for the 
complexes FeC13•2DMSO (933 cm-l) and FeI2•4DMSO (937 cm-1)(15). 
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The iron content of these complexes is 17.5% and 8.97%, . 
respect.ively. 
Ethoxydimethylsulfonium salts hydrolyze on standing; 
Product II appears to be relatively stable. An aqueous 
solution of Product II was titrated with 0.100 B sodium 
hydroxide, and the calculated amount of iron (III) present 
accounted for the total acid equivalency of the sample. 
The titrated solution was analyzed for ethanol by GLC, and 
none was found~ This, taken with the acid equivalency, is 
strong evidence for the absence of (CH3)2s-oc2H5 x- in 
Product II, since 
Iron was removed from a portion of Product II by preclp- 
itating with sodium hydroxide, and the neutralized iron-free 
solution was taken to dryness, giving 1.2 g of solid residue. 
The NMR spectrum of this residue showed only tVlo singlets 
at S 2. 58 (DHSO) and 63. 60 (H20?). The lack of ethyl group 
absorptions in the NMR suggests the absence of any signifi- 
cant quantity of ethyldimethyloxosulfoniuin salts. 
'I'he reaction of me tnyL iodide with DMSO was run in the 
presence of ferric chloride to determine (1) whether the 
same trimethyloxosulfonium iodide or another product would 
b11 obt.aLned , and (2) if t he prcduct .i§ t.r-Lme thy.Loxoau Lroufum 
Louf.de , whether the yield is increased. 'I'he reaction was 
also run' using the same amounts and conditi.ons but VJithout 
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ferric chloride, and gave 2.72 g (cH3)3~=0 I-. The reaction 
.!:it.ij ferric chloride gave 9.73 g of orange solid (Product I), 
which, when oorrected fo:r the. Clllculflt@ri GQnt@nt of ir.gn (III) 
as ferric chlor.ide ( 15. 8%, 1. 5h g), weighed .8. 19 g, 3 .. 0 t Lme s 
the weight of product obtained without ferric chloride. 
The IR spectrum of Product I was recorded (Figure II). 
It shows scme resemblance to the IR spectrum of (cH3)3S=O I-, 
but contains none of the bands seen in the spectrum of 
Fec13 (Table I). Its strongest band is at 935 cm-1, which 
again is close to the S-0 stretching bands of the complexes 
mentioned above. 
Pr-oduc t I was titrated with O .. 100 B sodium hydroxide, 
and the calculated amount of iron (III) present accounted 
for the total acid equivalency of the sample. The titrated 
solution wa.s analyzed for methanol by GLC, and none was 
found. The absence of methanol after treatment with sodium 
hydroxide is strong evidence for the absence of methoxy- 
,_ 
dimethylsulfonium salts. 
Iron was removed from a portion of Product I by precip- 
itation as l1ydrated iron oxide, and the filtered neutral 
sclutio!l was taken to dryness, giving a green residue. A 
portion of this residue was extracted with methylene chloride~ 
leaving about one-third its weight of a yellow-white solid 
(Product I-a). The IR spectrum of Product I-a compared 
closely with the.t of (CH3)3S=O I"" (Table I, Figure I), and 
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its NMR spectrum showed a singlet at ~4.00. (CH3)3smo I- 
gave a·singlet at £3.96. Another portion was extracted with 
boiling ethyl acetate. A white precipitate formed on cool- 
ing the ethyl acetate, which accounted for about one-third 
of the weight of the material extracted. It showed only 
one singlet in the NMR at S2.57 (DMSO). It liberated r2 on 
treatment with sodium periodate and gave a strong yellow- 
orange flame test, suggesting the presence of sodium and 
iodide ions. Sodium iodide is slightly soluble in boiling 
ethyl acetate. 
The above data suggest that the yield of (CH3)3S=O I- 
from methyl iodide and DMSO in the presence of ferric 
chloride is about the same or less than the corresponding 
yield without ferric chloride. Another product was pro- 
duced in considerable yield, but this was shown to contain 
no (cH3)3s=O I- or (cH3)2s-ocH3 I-. 
--- 
Two other routes to the synthesis of ethyldimethyloxo- 
sulfonium iodide were examined. Some ethyldimethylsulfonium 
iodide had been synthesized earlier for eventual comparison 
of deuterium exchange rates with the oxosulfonium compound. 
It was thought that this might be oxidized to the oxosulfonium 
compound after exchanging the anion to chloride. However, 
Reid (16) maintains that oxidation of sulfonium compounds 
gives a sulfonic acid, a sulfone, or both. 
It was reasoned that nucleophilic attack of methyl 
iodide by a sulfoxide would occur more readily than attack 
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of the a-carbon of ethyl iodide. Therefore, an attempt was 
made to.prepare ethyldimethyloxosulfonium iodide from methyl 
iodide and ethyl methyl sulfoxide. The two compounds were 
refluxed together for one hour, but no precipitate formed, 
even on standing for 28 days. The experiment was repeated 
in the presence of ferric chloride, and a small amount of 
precipitate formed. The reaction mixture was placed in a 
Carius tube and shaken for 8 hrs at 90•. This yielded a 
crystalline product, which was washed with acetone and dried. 
The NMR showed only one singlet at 63.00, thus the product 
is probably not ethyldimethyloxosulfonium iodide. 
A marked difference was noted in the reactions of 
methyl iodide with DMSO and ethyl methyl sulfoxide, both 
reactions being run in the presence of ferric chloride. 
With DMSO, the reaction is exothermic and yields a large 
amount of reddish-brown precipitate. With ethyl methyl 
sulfoxide, there is no evolution of heat, and only a small 
amount of precipitate is formed after refluxing for 1 hr. 
In the absence of ferric chloride, refluxing methyl iodide 
with DMS.O for 1 hr gave a precipitate of (cH3)3s=o I-. No 
precipitate was formed with ethyl methyl sulfoxide. 
--- 
It wa.s the primary intent of this thesis to determine 
whether ferric chloride catalyzes the alkylation of DMSO · 
by alkyl halides, giving the alkyldimethyloxosulfonium or 
0 
alkoxydimethylsulfonium salts. A great deal of effort was 
expended in determining whether either of these salts were 
present in the reaction mixtures. In the process of analyz~ 
ing thes~ mixtures, other materials were isolated which were 
shown not to contain the above salts, nor were they compounds 
of direct interest, thus only a minimal attempt was made to 
characterize them. 
For example, Product II, the yellow precipitate from 
the reaction of DMSO, ethyl bromide, and ferric chloride, was 
shown not to contain ethyldimethyloxosulfonium or ethoxydi- 
methylsulfonium salts by IR comparison with known compounds, 
examination of hydrolysis products, and the absence ot ethyl 
group absorption in the NMR. Its behavior on heating, solu- 
bility characteristics, and iron content were determined. 
If further work were to be done on the characterization 
of Product II, the next thing that might be tried would be 
elemental analysis for carbon, hydrogen, oxygen, sulfur, 
bromine, and chlorine. We did not believe that this measure 
would be justified by the amount of information that would 
be obtained. Besides, the iron content of Product II sug- 
gests that it is either a mixture or a compound of very 
high molecular weight, since a compound containing only 
7.18% iron must have a molecular weight of at least 778. 
Thin-layer chromatography might indicate whether Product II 
is a mixture or not, if a suitable system could be found. 
In a preliminary experiment, an aqueous solution of Product 
II was spotted on a silica gel plate and developed with a 
butanol-acetic acid-water (70:10:20) system. The spot re- 
mained at the origin. Since Product II evolves gas at 172•, 
--- 
a third experiment that might be tried would be pyrolysis . ·~ 
in a sealed container, and examination of the volatile 
product(s) by gas chromatography. 
The feasibility of using mass spectrometry for the 
analysis of oxosulfonium compounds was discussed with M. 
Cornaire of Sterling-Winthrop Research Institute. He found 
that the mass spectrum of DMSO only is observed. Apparently, 
the ionization efficiency of the alkyl halide moiety is so 
low that it is not observed. 
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SUMMARY 
When dimethyl sulfoxide, ethyl bromide, and 5 mole- 
percent of ferric chloride are heated together, a yellow 
precipitate is formed. The product partially decomposes 
at 172•, with evolution of gas. It is very soluble in 
water, but only slightly soluble in methanol. It contains 
7.18% by weight of iron (III), suggesting a compound of 
high molecular weight or a mixture. 
It appears t·hat a Friedel-Crafts alkylation of DMSO 
has taken place, perhaps giving an ethyldimethyloxosulfon- 
ium salt, however, the IR and NMR spectra do not substantiate 
this. 
The absence of alkoxydimethylsulfonium salts in the 
above reaction mixture has been demonstrated by titration 
with base.followed by gas chromatographic examination. 
An attempt to prepare ethyldimethyloxosulfonium iodide 
by reacting ethyl methyl sulfoxide with methyl iodide gave 
no precipitate. Addition of ferric chloride to this reaction 
mixture followed by heating gave a crystalline solid which 
showed only a singlet in the NMR. 
':t~c~~. ~, ·-. -·1t~~~~-~~~r~ ~. -~"~~1 ~~ ~------- -· ·:·- -·-··- ------:-~-~--:--- =:': - --'--'~-----;----11 .c: I · t 
- t:·. • ••• ·• -'-·--··•••• . .:. .... •. L.. ---·--··--·--·•··-···-·•• ~·A -e- '• t~~~-~tJf-~E~~T_:~?: ~.:~}C:S-'.,~-~~: ~~I 
g! c .::..\:.. c: ·c ' · ·· · · ·· ··· ~.::.. S2} ·c-:::c'- I~~[ H 
t i -= ~ - - -~ ·- --- ----- - - . -:c - - -- i~~~:.._::_ ·-- -- -:- --:- 0-- --- '~ Lf 
-- - - - - - - -- ---.---·-=---~77.-::":----. 
. -- . 
I i . • . . ,; .. - i . .~ .. --.- ... ~· -·.:.-. ·~ -\·.c.- ... =·--·-- .; - ~; I I !_:_ _ _:_~_:__:_La:.: __ : __ . · t 1 
. II .... ' . . ! 
: - - -'- ·- - ·-.'-:.+l-'I·-:---.-.--: .:.._ 
. -·- ··· .• --. -~-"'7":--- 
1::=;-.- .: ·~- - . 
.i __ :_:._:_.:.:.:·_;.: -=-- :__ - 
. : .;" - - - - . - - --· --- ::s ~ -"------ ---~----""'<-:--.,.... -:, r-- - - -1); ,,.I l 
t:_~~-'-·- -· ' l ~ 
l. · · . . · · ·- -· I t.. L. ·------· ----·--·- (_l f - .. :.·: :.· . : - :- ..'. : ... :. ', ~.:..: ·!- '; ;.: .. _:_-: . __ : __ .. -J ~~ ) if . . J, L ·-- -------- -- -1 ;:: ~---;,----· ------. ---~---c:; .::; -i ;~ -:>,. _ 
t . 1,J:):~y l ! I\ 1~·-~·t· l r ·1E J: .V .i '. r,\:;~.Y~l 
~~ -~· ~.-~?'"·~·~_.-,--.-:~- .. ~~· .:·~fl'l""'j;"!.~~~:·~~,..-;.-:."'~ . ......, ....... ...-.~~~-~~~·>r-·.~~.~"~ 
































H :::! .µ u 
C) 0 















: _· - :. - : .. ·: - ; . : ;.. '. : ·---· . 
-·---: - -·,-·-··-- . I ;--·· 








-;~j ~...u.-.~-:--;-:;=-.:- -·~- •:1 -z;---- 












1. Winstein, s., Smith, s. G., Tetrahedron, 3, 317 (1958). 
2. Johnson, c., Phillips, w., ~. Org. Chem., 32, 1926 (1967). 
3. Olofson, R. A., Marino, J., Tetrahedron, 27, 4207 (1971). 
4. Nesmeyanov, A. N., Isaeva, L., Tolstaya, T. P., Dotl. 
Akad. Na.uk. SSSR,. 151, 1339 (1963). 
5. Kuhn, R., Trischmann, H., Ann., 611, 117 (1958). 
6. Corey, E. J., Chaykovsky, M., ~. Am.~.~., 87, 
1357 (1965). 
7. Major, R. T., Hess, H., l• Org • .Qh,filn., 23, 1563 (1958). 
8. Corey, E. J., Chaykovsky, M., ~.Am. Chem. Soc,-, 84, 
867 (1962). 
9. Doering, w., Hoffmann, A.H.,~. Am. Chem. Soc., 77, 
521 (1955). 
10. Cotton, F. A., Fassnacht, J. H., Horrocks, w. D., Nelson, 
N. A.,~. Chem. 12.Q,Q., 4138 (1959). 
11. Corey, E. J., ed., Organic Syntheses, Vol. J!..6., New York, 
J. Wiley & Sons, Inc. (1966), pp. 113-114. 
12. Pasto, D. J., Johnson, c., Organic Structure Determin- 
,?...tion, Englewood Cliffs, N. J., Prentice-Hall, Inc., 
(1969), p. 456. 
13. Banthorpe, D., Hughes, E., Ingold, c., ~. ~. Soc., 
4073 (1960)~ 
14. Sowa, J. R., unpublished work. 
15. Cotton, F. A., Francis, R., Horrocks, w. D., ~.Phys • 
.Qh.fil!!., 64, 1534 (1960). 
16. Reid, E. E., Organic Chemistry Qi Bivalent Sulfur, Vol. g, 
New York, Chemical Publishing Co., Inc. (1960), p. 73. 
